Introduction
It is well known that striking changes in brain function occur in utero hypoxic-ischemic insult. Such changes lead not only to impairment of brain function but also to lifethreatening damage to the fetus and neonate. In order to quickly assess possible deteriorating fetal condition from hypoxic-ischemic insult, fetal heart rate (FHR) monitoring has been widely accepted as accurate and reliable in the clinical setting. However, there have been no reports of studies examining periodical change in fetal brain function while recording FHR when the fetus is suffering from hypoxic-ischemia. It would be quite valuable for us to be able to correctly evaluate according to alterations in FHR pattern, the extent to which fetal brain function will be impaired, and whether the fetal brain will incur permanent damage unless immediate intervention is undertaken. Since glucose, as well as oxygen, is a principal substrate for meeting the energy demand of the brain, measurement of the rate at which this substrate is utilized provides an assessment of the level of neuronal function in the brain. In this report positron emission tomography (PET), which involves tracer kinetic measurement of a compound labeled with a positron emitting isotope and is recently used in experimental perinatal medicine [4] , was utilized in a noninvasive approach to assess the fetal cerebral glucose metabolic rate (CMRglc) in hypoxic ischemia while recording FHR which showed a characteristic overshoot acceleration. 
Materials and methods
Animal preparation: Four chronically instrumented lamb fetuses of around 130 days gestation (term, approximately 150 days) were studied. Under general anesthesia, the uterus was exposed through a midline abdominal incision. Through a small incision in the uterus, polyvinyl catheters (ID, 1.36 mm; OD, 2.08 mm) were aseptically inserted into a femoral artery and vein of the fetus, Tripolar cardioelectrodes were applied to the chest of the fetus, positioned on each side of the heart, and the third one on the back of the fetus. An inflatable cuff (OC-16, In Vivo Metric Inc.) was placed around the umbilical cord to induce mechanical cord compression. After completing the closure of the uterine wall, another small incision was made in the uterus.
The fetal head was pulled up and fixed at the maternal abdominal wall by several stitches with silk thread. With this procedure the location of fetal head was easily identified in the PET study.
Induction of acidemia in the fetus: Graduallyprogressive acidemia was induced in the fetus by intermittently repeated cord compression achieved by inflating the cuff placed around the cord. Serial compression was performed in such a fashion that a combination of compression lasting for 40 seconds followed by release for 80 seconds was repeated 15 times and, thereafter, a combination of 60 seconds of compression and release for 60 seconds was repeated 30 times. The total duration of the cord compression study was 90 minutes. Fetal arterial blood was sampled every ten minutes following the release of cord compression. Blood gas was analyzed using the AVL-300 system (AVL, U.S.A.).
FHR monitoring: Tripolar cardioelectordes were applied in the fashion described above. FHR was monitored with a cardiotachometer triggered by the cardioelectric signal.
Positron emission tomography (PET): On the forth or fifth postoperative days, utilization of glucose in the fetal brain before and after the onset of acidemia was investigated using PET, while observing the alteration of FHR pattern. Since anesthesia of the maternal ewe may affect the metabolism in the fetus, respiration of the maternal ewe was maintained by ventilation with room air, following intubation and administration of pancuronium to prevent body movement. The maternal ewe was laid on its side on the movable table of the PET instrument and a transmission scan was made. The radionucleotides were produced at the Cyclotron and Radioisotope Center, Tohoku University. -FDG in the fetal brain was scanned with an ECAT-II (ORTEC, U. S. A.), which is equipped with a ring of detectors giving images with a slice thickness of 15 mm and a resolution of 13 mm. After completion of the scan, cord compression was carried out according to the procedure described above. When compression had proceeded to the point where arterial pH was around 7.15, and a characteristic overshoot acceleration appeared in FHR, 5.0 mCi of F 18 -FDG was administered to the fetus again and the scan performed in the same manner. Fetal arterial blood samples of 0.2 -0.5 ml were taken before and during the PET study for blood gas analysis as well as measurement of radioactivity and blood sugar concentration. Image reconstruction was done by computer. Quantification of FDG uptake was attempted using mean pixel counts in the region of the fetal brain. Absolute values of CMRglc were obtained according to the equation originally developed by Sokoloff et al [6] .
Results
Gradually progressive fetal acidemia was induced by serial cord compression. Although the details of FHR change in progress of acidemia have been previously reported [2] , typical patterns observed in the experiment are shown in figure 1 . The condition of the maternal ewe remained good during the PET study as evaluated by periodic blood gas analysis while respiration was maintained in the fashion described above. The change in FHR pattern with the progress of fetal acidemia induced by repeated cord compression was almost identical to that previously reported [5] , even when the maternal ewe was ventilated in this fashion. Namely, a characteristic FHR pattern including overshoot acceleration immediately after release of cord compression appeared when fetal arterial pH had fallen below 7.15. The repeated cord compression brought about fetal metabolic acidosis in which fetal arterial pH fell, concentration of lactate increased and PCO 2 exceeded 100 mmHg, although PO 2 dropped transiently during each cord comprssion [5] . CMRglc of the fetal brain was studied in nonacidemic and acidemic conditions, in which FHR showed a characteristic overshoot acceleration. Fetal arterial values during these periods are listed in table I. After completion of cord compression, the fetal arterial pH remained low in two cases and had slightly recovered in the other two cases, at the point of CMRglc measurement. In all cases, blood glucose level in the fetus rose when the fetus became 
Discussion
The main purpose of this study is to determine the point in FHR where the fetus was distressed enough sustain irreversible damage to principle organs including the brain. In this study we focused on the significance of overshoot acceleration in FHR. The significance of overshoot acceleration in FHR was first proposed by Goodlin et al [3] . According to their explanation, the occurrence may reflect immaturity of fetal heart rate control. In the present and previous paper [5] we suggest that overshoot acceleration may appear when the fetus has become so acidotic that brain metabolism is severely disturbed. Specifically in the present study, we measured CMRglc in the fetus while recording FHR and re-evaluated the importance of overshoot acceleration for a better understanding of the FHR pattern. In a previus paper [2, 5] , we also demonstrated that at appearance of overshoot acceleration, arterial pH decrease below 7.15 and catecholamines such as noradrenaline and adrenaline are released and reach a plateau at over 10 ng/ml in arterial blood. Increase blood glu- cose level in the acidotic fetus may be due to the release of catecholamines. The release of catecholamines probably leads to completion of the redistribution of blood flow for the sake of vital organs. Actually, carotid artery flow increases while that of the femoral artery decreases in the acidemic fetus at the appearance of overshoot acceleration when the blood flow of those vessels are concurrently measured by transit time ultrasonic blood flow meters surgically installed around the vessels (data not shown). Although the blood flow of the carotid artery does not necessarily reflect cerebral blood flow, we think that decrease in CMRglc in such acidotic fetus may not derive from the decrease of cerebral blood flow but from inactivity of cellular function of the fetal brain.
When we look at changes in CMRglc in four experiments, reduction rate was high in two cases in which fetal arterial pH was constantly low during the period from the appearance of overshoot in FHR to CMRglc measurement of PET, whereas in the other two cases the reduction rate was not so. Since we ceased cord compression at the appearance of overshoot acceleration in FHR, recovery of the fetal condition, which should be responsible for the reduction of CMRglc rate might depend on placental function in the respective cases. If we encounter overshoot acceleration in FHR, intervention becomes necessary to prevent devastation of the fetus. Otherwise the duration of the acidemia may disturb brain function, eventually leading to cell death, bringing about irreversible neuronal sequelae.
Abstract
In order to investigate the significance of overshoot acceleration in FHR with acidosis induced by serial cord compression, cerebral glucose metabolic rate (CMRglc) was measured in four chronically instrumented fetuses before cord compression and immediately after appearance of the overshoot acceleration in FHR. The investigation of CMRglc was carried out using positron emission tomography to assess accumulation of cyclotron-produced F 18 -FDG in the fetal brain. CMRglc in the fetal brain in the nonacidemic condition was 1.73 mg/100g/min. In acidemia, with fetal arterial pH near 7.15 in which FHR showed the characteristic pattern with overshoot acceleration, CMRglc was significantly decreased to 0.73 mg/100 g/ min. We concluded that, to avoid neuronal damage, it is necessary to intervene when the fetal condition deteriorates to the extent that overshoot acceleration in FHR occurs.
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